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[Title of the Invention] Fine pattern forming material and manufacturing 
method of semiconductor device using the same 
[Abstract of the Disclosure] 

[Problem] In forming a resist pattern utilizing a light exposure, there is a limit 
of niiniatiirization achieved by a wavelength, and thus there is a need to 
overcome such limit of miniaturization. 

[Means for Solving the Problem] On an underlying resist pattern capable of 
generating an acid, a framing material which cross-links when acid is received 
is covered. To the framing material, a prescribed amount of weak acid or a 
compound which generates an acid by thermal decomposition is added. By 
adding heat, the acid from the underlying resist pattern moves into the framing 
material, the cross-linked layer created at the interface is formed as the cover 
layer of the underlying resist pattern, and thereby thickening the resist pattern. 
Thus, the diameters of the holes formed in the resist and the pitch between the 
patterns are reduced. 
[Claims] 

[Claim 1] A fine pattern forming material comprising: 
a prescribed amount of weak acid; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 

c) a copolymer consisting two or more of the water-soluble resins; 
the fine pattern forming material is formed on a first resist pattern 
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which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 
[Claim 2] A fine pattern forming material comprising: 
a prescribed amount of weak acid; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 

c) a copolymer consisting two or more of the water-soluble 
resins; 

the fine pattern forming material is formed on a first resist pattern 
which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 
[Claim 3] A fine pattern forming material comprising; 

a prescribed amount of weak acid; and 

a mixture of one or more of water-soluble resins and one or more of 
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water soluble cross-linking agents; 

the fine pattern forming material is formed on a first resist pattern 
which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 

[Claim 4] A fine pattern forming material according to any one of Claims 1 to 3, 
wherein the weak acid has a PH of 3 or more and used in a suitable amount 
[Claim 5] A fine pattern forming material according to any one of Claims 1 to 4, 
wherein the weak acid is one of a) an alkylcarboxylic acid such as acetic acid 
and b) an aromatic carboxylic acid such as benzoic acid. 
[Claim 6] A fine pattern forming material comprising: 

a compound generating acid by heat decomposition; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 

c) a copolymer consisting two or more of the water-soluble 
resins; 

the fine pattern forming material is formed on a first resist pattern 
which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
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at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 
[Claim 7] A fine pattern forming material comprising: 

a compound generating acid by heat decomposition; and one of: 

a) a one of water-soluble cross-linking agent; 

b) a mixture of two or more of the water-soluble cross-linking 
agent; and 

c) a copolymer consisting two or more of the water-soluble 
cross-linking agent; 

the fine pattern forming material is formed on a first resist pattern which 
provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 

[Claim 8] A fine pattern forming material comprising: 

a compound generating acid by heat decomposition; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 
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c) a copolymer consisting two or more of the water-soluble 
resins; 

the fine pattern forming material is formed on a first resist pattern which 
provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 

[Claim 9] A fine pattern forming material according to any one of Claims 6 to 8, 
wherein the compound generating acid by heat decomposition is suitably used 
with a diazonium salt having a counter anion 

[Claim 10] A fine pattern forming material according to Claim 9, wherein the 
counter acid is one of a) an alkylsulf one acid and (b) an aromatic sulf one. 
[Claim 11] A fine pattern forming material comprising: 
a prescribed amount of weak acid; 

a water-soluble polymer having an ethylene structure in a principle 
chain; and 

a cross-linking agent having an alkoxymethyleneamino group that 
generates cross-linking reaction under a an acid catalyst; 

the fine pattern forming material is dissolved with a mixed solvent consisting of 
pure water and water-soluble organic solvent mixed with pure water and forms 
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a cross-linked film by an acid. 

[Claim 12] A fine pattern forming material comprising: 

a compound generating acid by heat decomposition; 

a water-soluble polymer having an ethylene structure in a principle 

chain; and 

an cross-linking agent having an alkoxymethyleneamino group that 
generates cross-linking reaction under a an acid catalyst; 

the fine pattern forming material is dissolved with a mixed solvent consisting of 
pure water and water-soluble organic solvent mixed with pure water and forms 
a cross-linked film by an acid. 

[Claim 13] A fine pattern forming material according to one of Claim 11 and 
Claim 12, wherein the water-soluble polymer is selected from polyvinyl acetal, 
polyvinyl pyrrolidone, polyvinyl alcohol, polyethyleneimine, polyethylene 
oxide, polyvinylamine, polyacrylic acid and polyacrylamide and is used either 
alone or in combination. 

[Claim 14] A fine pattern forming material according to one of Claim 11 and 
Claim 12, wherein the cross-linking agent has an alkoxylmethyleneamino group 
consisting of a melamine derivative and urea derivative, both of which are used 
either alone or in combination. 

[Claim 15] A method for manufacturing semiconductor device comprising: 

a step for forming a first resist pattern capable of providing an acid to a 
semiconductor substrate by a first resist; 
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a step for forming a second layer on the first resist pattern by using any 
one of the fine pattern forming material according to any one of Claim 1 to 14; 

a step for forming a cross-linked film at portions which contact the first 
resist pattern of the second resist pattern by an acid provided from the first 
resist pattern; 

a step for forming a second resist pattern by burbling a non cross-linked 
portions of the second layer; and 

a step for etching the semiconductor substrate and the second resist 
pattern formed as a mask. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a material used in the process of 
manufacturing semiconductors which enables forming of a resist patterns 
reduced in pitch between the resist patterns, and the size (or diameter) of 
openings formed in the resist, a method of forming a fine pitch resist patterns, 
and a method of manufacturing a semiconductor device using the resist 
patterns; and to a semiconductor device manufactured by the method. 
[0002] 

pescription of the Related Art] Concurrent with the higher degree of 
integration of semiconductor devices becomes the trend, the wiring and the 
pitch between the resist patterns are required to be reduced in the 
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manufacturing process of the semiconductors. In general, forming of fine 
pattern begins with forming of resist patterns using photolithographic 
techniques which utilizes a resist pattern formed as a mask, in forming various 
underlying thin films. For this reason, photolithography is very important in 
the forming of fine patterns. Photolithographic techniques constitutes resist 
coating, mask alignment, light exposure, and development. In terms of 
forming fine resist patterns, there is a limit in the wavelengths adoptable as a 
light source in the light exposure. Moreover, since the conventional 
lithographic process has difficulty in controlling the etching resistance of the 
resist, it is impossible to control the shape of the surfaces such as by roughning 
sidewalls after being etched. 

[0003] As described above, in the case of the conventional photolithographic 
techniques, the forming of fine patterns employed in semiconductors was 
conducted solely by etching the resist patterns formed by resist coating, light 
exposure, and developing. In most cases, the size of the pattern formed by 
such method is determined by resist performance, wavelength of light used for 
light exposure and conditions of light illuminance of the light source. There was 
no method available to further carry out framing of the pattern in order to 
obtain fine patterns. Therefore, onto a semiconductor substrate, a limit in 
forming the first resist pattern was hence the limit of fine pattern forming. 
[0004] In order to overcome the above-described problems, the present 
inventors reached, in their preceding invention, a technique disclosed in 
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Japanese Patent Laid-Open No. 10-73927. According to this technique, a first 
resist pattern is coated with a resist which was prepared separately, 
cross-linked, and developed to obtain cross-linked film. Consequently, since 
this cross-linked film adheres onto an interface of the resist pattern, the pitch 
between the patterns, the diameters of openings are all reduced. Thus it is now 
possible to form a fine resist pattern which exceeds the limit of fineness formed 
on the first resist pattern. 
[0005] 

[Problems that the Invention is to Solve] It was, however, confirmed that 
defective patterns for instance, such as opening failures and the like may 
generate when the acid component highly concentrates in the air of a clean 
room during the process. The present invention is intended to further innovate 
the conventional techniques to overcome the problems. The objective of the 
present invention is therefore to prevent pattern defects such as opening failure 
to generate without being affected by the condition of acid components in the 
air of the clean room where the process is carried out, to provide material for 
forming fine patterns, and the method for forming fine patterns free of 
irregularities in the size of openings caused by partial increase in the thickness 
(framed amount) of a cross-linked film. 
[0006] 

[Means for Solving the Problems] A fine pattern forming material according to 
Claim 1 comprises a fine pattern forming material comprising: 
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a prescribed amount of weak acid; and one of: 

d) a one of water-soluble resins; 

e) a mixture of two or more of the water-soluble resins; and 

f) a copolymer consisting two or more of the water-soluble resins; 
the fine pattern forming material is formed on a first resist pattern 

which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 

It is dissolved in water or a mixed solvent of water and a water-soluble 
organic solvent; is formed on a first resist pattern capable of supplying an acid; 
causes, by the acid from the first resist pattern, a cross-linking reaction along a 
portion to be brought into contact with the first resist pattern, thereby forming a 
cross-linked film; and is removed, at the non-cross-linked portion of the 
material, by using water or a mixed solvent of water and a water-soluble 
organic solvent as a developer. 

[0007] A fine pattern forming material according to Claim 2 comprises; 
a prescribed amount of weak acid; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 
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c) a copolymer consisting two or more of the water-soluble 
resins; 

the fine pattern forming material is formed on a first resist pattern 
which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 
[0008] A fine pattern forming material according to Claim 3 comprises; 

a prescribed amount of weak acid; and 

a mixture of one or more of water-soluble resins and one or more of 
water soluble cross-linking agents; 

the fine pattern forming material is formed on a first resist pattern which 

provides an acid and dissolves a mixed solvent consisting of water and 

water-soluble organic solvent mixed with water and forms a cross-linked film 

at portions which contacts the first resist pattern utilizing a cross-linking 

reaction by an acid provided from the first resist and removes a non 

cross-linked portions by a developer defined with one of water and a mixed 

solvent consisting of water and water-soluble resins. 

[0009] A fine pattern forming material according to Claim 4 comprises: 

A fine pattern forming material according to any one of Claims 1 to 3, wherein 
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the weak acid has a PH of 3 or more and used in a suitable amount. 

[0010] A fine pattern forming material according to Claim 5 comprises: 

a fine pattern forming material, wherein the weak acid is one of a) an 

alkylcarboxylic acid such as acetic acid and b) an aromatic carboxylic acid such 

as benzoic acid according to any one of Claims 1 to 4. 

[0011] A fine pattern forming material according to Claim 6 comprises; 

a compound generating acid by heat decomposition; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 

c) a copolymer consisting two or more of the water-soluble 
resins; 

the fine pattern forming material is formed on a first resist pattern 
which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 
[0012] A fine pattern forming material according to Claim 7 comprises: 
a compound generating acid by heat decomposition; and one of: 

a) a one of water-soluble cross-linking agent; 

b) a mixture of two or more of the water-soluble cross-linking 
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agent; and 

c) a copolymer consisting two or more of the water-soluble 
cross-linking agent; 
the fine pattern forming material is formed on a first resist pattern which 
provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
solvent consisting of water and water-soluble resins. 
[0013] A fine pattern forming material according to Claim 8 comprises: 
a compound generating acid by heat decomposition; and one of: 

a) a one of water-soluble resins; 

b) a mixture of two or more of the water-soluble resins; and 

c) a copolymer consisting two or more of the water-soluble 
resins; 

the fine pattern forming material is formed on a first resist pattern 
which provides an acid and dissolves a mixed solvent consisting of water and 
water-soluble organic solvent mixed with water and forms a cross-linked film 
at portions which contacts the first resist pattern utilizing a cross-linking 
reaction by an acid provided from the first resist and removes a non 
cross-linked portions by a developer defined with one of water and a mixed 
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solvent consisting of water and water-soluble resins. 

[0014] A fine pattern forming material according to Claim 9 comprises: 

a fine pattern forming material, wherein the compound generating acid 
by heat decomposition is suitably used with a diazonium salt having a counter 
anion according to any one of Claims 6 to 8. 

[0015] A fine pattern forming material according to Claim 10 comprises: 
a fine pattern forming material, wherein the counter acid is one of a) an 
alkylsulf one acid and (b) an aromatic sulf one according to Claim 9. 
[0016] A fine pattern forming material according to Claim 11 comprises: 
a prescribed amount of weak acid; 

a water-soluble polymer having an ethylene structure in a principle 
chain; and 

a cross-linking agent having an alkoxymethyleneamino group that 
generates cross-linking reaction under a an acid catalyst; 

the fine pattern forming material is dissolved with a mixed solvent consisting of 
pure water and water-soluble organic solvent mixed with pure water and forms 
a cross-linked film by an acid. 

[0017] A fine pattern forming material according to Claim 12 comprises: 
a compound generating acid by heat decomposition; 
a water-soluble polymer having an ethylene structure in a principle 

chain; and 

an cross-linking agent having an alkoxymethyleneamino group that 
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generates cross-linking reaction under a an acid catalyst; 

the fine pattern forming material is dissolved with a mixed solvent consisting of 
pure water and water-soluble organic solvent mixed with pure water and forms 
a cross-linked film by an acid. 

[0018] A fine pattern forming material according to Claim 13 comprises: 

A fine pattern forming material according to one of Claim 11 and Claim 
12, wherein the water-soluble polymer is selected from polyvinyl acetal, 
polyvinyl pyrrolidone, polyvinyl alcohol, polyethyleneimine, polyethylene 
oxide, polyvinylamine, polyacrylic acid and polyacrylamide and is used either 
alone or in combination. 

[0019] A fine pattern forming material according to Claim 14 comprises: 
a fine pattern forming material according to one of Claim 11 and Claim 12, 
wherein the cross-linking agent has an alkoxylmethyleneamino group 
consisting of a melamine derivative and urea derivative, both of which are used 
either alone or in combination. 

[0020] A method for manufacturing semiconductor device comprises: 

a step for forming a first resist pattern capable of providing an acid to a 

semiconductor substrate by a first resist; 

a step for forming a second layer on the first resist pattern by using any 

one of the fine pattern forming material according to any one of Claim 1 to 15; 

a step for forming a cross-linked film at portions which contact the first 

resist pattern of the second resist pattern by an acid provided from the first 
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resist pattern; 

a step for forming a second resist pattern by burbling a non cross-linked 
portions of the second layer; and 

a step for etching the semiconductor substrate and the second resist 
pattern formed as a mask. 
[0021] 

[Description of the Preferred Embodiments] Embodiment 1: FIG. 1 shows 
examples of mask patterns for forming fine resist patterns, in which FIG. 1(a) 
shows a mask pattern 100 of minute holes, FIG. 1(b) shows a mask pattern 200 
of fine spaces, and FIG. 1(c) shows pattern 300 remained alone; FIG. 2 shows a 
process flow chart explaining the process for forming fine resist patterns as 
described in Embodiment 1 of the present invention. 
[0022] First, with reference to FIGS. 1 and 2, a process of forming finely 
separated resist patterns based on this Embodiment as well as a manufacturing 
method of a semiconductor device using the patterns will be described. As 
shown in FIG. 2(a), a first resist 1 is applied to a semiconductor substrate 
(semiconductor wafer) 3 (to give a thickness of about 0.7 to 1.0 |im). Here, 
various materials and methods may be used respectively for the material of the 
first resist film 1 and the acid supplying mechanism, of which the details will be 
described hereinafter. This first resist film 1 is applied to the semiconductor 
substrate 3 by spin coating or the like, followed by prebaking (heating of about 
1 minute at 70 to 110°C), whereby a solvent is evaporated from the first resist 1. 
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[0023] In order to form first resist patterns (under layer resist patterns), a light 
source corresponding to the wavelength sensitivity of the first resist such as g 
rays, i rays, Deep-UV, KrF excimer, ArF excimer, EB (electron beams), or X-ray 
and the like are used, and projection and exposure was carried out using a 
mask comprised by a pattern as shown in Fig. 1. 

[0024] After exposure of the first resist 1 to light, PEB (post exposure bake) is 
conducted (for example, at PEB temperature of 50 to 130°C) to improve the 
resolution of the resist 1. The procedure then moves on to development with 
around 0.05 to 3.0 wt.% alkali aqueous solution such as TMAH 
(tetramethylammonium hydroxide). FIG. 2(b) shows a first resist pattern la 
(underlying resist pattern) formed by the aforementioned method. 
[0025] The post developing bake may be conducted after the development as 
necessary (for example, at baking temperature of 60 to 120° C for about 60 
seconds). Since this post development bake affects the subsequent mixing 
reaction, it is desired that temperature be set properly in consideration of the 
first resist or second resist material . The steps so far described are, except for 
using the first resist 1 capable of providing an acid, the same as the forming of 
resist patterns employed in the general resist process. 
[0026] Next, as illustrated in FIG. 2(c), a second layer 2 is coated on the 
semiconductor substrate 3 by using a fine pattern forming material comprising, 
as the main component, a material containing a cross-linkable material which 
cross-links by a presence of an acid and soluble to a solvent which does not 
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dissolve the resist 1 shown in Fig. 1. The material (fine -pattern forming 
material) of this second layer 2 will be described hereinafter in detail. There is 
no particular limit to the coating method of the second layer 2 as long as 
uniform coating over the first resist pattern la is performed. Other methods 
such as spray coating, roll coating or dipping in a solution of the material of the 
second layer are also adoptable. The second layer 2 coated on the substrate is 
then pre-baked as necessary (for example, at 85°C for about 60 seconds). 
[0027] As shown in FIG. 2(d), the first resist pattern la formed on the 
semiconductor substrate and the second layer 2 formed on the first resist 
pattern are heated (referred as mixing-and-baking "MB", as necessary, The 
temperature may be determined at about 85 to 150°C). The heating temperature 
enables the first resist pattern la to promote diffusion of the acid to be supplied 
in the second layer 2, and causes cross-linking reaction on the interface between 
the second layer 2 and the first resist pattern la. In this case, the temperature 
for mixing-and-baking is carried out, for example, at 85 to 150°C for 60 to 120 
seconds. Considering the nature of the resist material to be employed, or 
thickness required in a reactive layer, the most suitable condition is determined. 
As a result of the cross-linking reaction caused by the mixing-and-baking, a 
cross-linked layer 4 is formed in the second layer 2 in a state to cover the first 
resist pattern la. 

[0028] As shown in FIG. 2(e), by using water or alkali solution such as TMAH 
and the like as developer, the second layer 2 is removed by developing, and 
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forms the second resist pattern 2a. The above-described treatments allow 
reduction of the hole diameter of the hole patterns or the pitch between the line 
patterns, or to obtain resist patterns having large isolated patterns. 
[0029] Next, the materials for the first resist 1 and a method for supplying an 
acid will be described. The first example is effective when a very small amount 
of an acid remained during the process may be applied to the first resist. 
Particularly, the example may include transporting the remained acid without 
adding an acid or an acid generating material by means of heating and the like. 
[0030] The second example may contain a very small amount of an acid 
substance inside the material of the first resist. In this case, acid does not need 
to be generated by a light exposure since the resist itself is made to contain an 
acid. The resist patterns are cross-linked by diffusing the acid under heat. In 
this case, low-molecular-weight acids such as carboxylic acids are preferred, 
however, the acid is not limited as long as it is capable of being mixed with a 
resist solution. 

[0031] The third example presents a structure which allows internal generation 
of an acid by appropriate heating. In this case, cross-linking reaction is achieved 
only by heating. 

[0032] The fourth example is to generate an acid by exposure to light instead of 
heat. For example, in a chemically amplified resist, light, electron beams, 
X-ray, or the like cause generating reaction. The material of the fist resist 1 
utilizes the amplified reaction induced by the thus generated acid catalyst . In 
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this case, by exposure to light after coating of the second resist 2, an acid may 
generate in the first resist pattern. According to this method of exposure, with 
the use of an appropriate exposure mask, it is possible to form an exposed 
portion and a non-exposed portion by selective exposure of the first resist 
pattern to light, and to form the cross-linked portion and non-cross-linked 
portion. This selective exposure can be carried out by irradiation of electron 
beams. 

[0033] The fifth example performs surface treatment with acid liquid or acid gas, 
and then to cross-link the material by diffusing acid by heating during the 
subsequent process. 

[0034] The material for the first resist may include either a positive or negative 
resist as long as it is capable of supplying an acid. Specific examples include 
positive resists made of a mixture of a novolac resin and a naphthoquinone 
azide sensitizer. A chemically amplified resist adopting an acid generating 
structure is also suitable as the material. 

[0035] A description will next move on to the material (the component of fine 
pattern materials) adoptable as the second layer 2. As the main component of 
the material for the second layer 2, cross-linked water-soluble resins may be 
used either alone or in combination of two or more. Also, water-soluble 
cross-linking agents may be used either alone or in combination of two or more. 
Furthermore, a mixture of the water-soluble resin and the water-soluble 
cross-linking agent may be used. In the present invention, a suitable amount 
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of a weak acid is added to the main component of the material. The objective to 
add a proper amount of weak acid is to prevent the possibilities of generating 
pattern defects and abnormalities in framing (anomalousness in formative film 
thickness of cross-linked film), due to the fact that the second layer is negatively 
affected by the surrounding atmosphere, that is, the acid compounded in the air 
of a clean room. It is therefore for the purpose of improving environmental 
tolerance. Addition of a weak acid is considered to have the following effect 
Usually, an acid, fed newly from the air, does not easily adsorb to a film having 
a pH on the acid side. This occurs because the concentration on the film side 
reaches equilibrium compared with the concentration of an acid drifting in the 
air, disturbing dissolution of a new acid. 

[0036] An acid to be added to the material of the second layer 2 is preferably a 
weak acid of pH 3 or greater. Such an acid is used in a prescribed amount. 
An acid as weak as possible is preferred. The concentration of acid is 
preferably set so that the material of the second layer itself does not cause a 
cross-linking reaction at normal temperatures. For example, the concentration 
of the whole material of the second layer is set at about 500 ppm, which makes 
it possible to maintain storage stability of the material. Specific examples of 
the acid to be added to the material of the second layer 2 include one or both of 
an alkylcarboxylic acid such as acetic acid, and an aromatic carboxylic acid such 
as benzoic acid is (are) preferred. 

[0037] The aforementioned material (fine pattern forming material) for the 
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second layer 2 is dissolved in water (for instance , pure water) or a mixed 
solvent of water (for instance, pure water) and a water-soluble organic solvent. 
The material for the second layer 2 is formed on the first resist pattern that 
supplies an acid. By the acid supplied from the first resist pattern, the material 
forms cross-linked films at the parts contacted with the aforementioned first 
resist pattern by the acid from the first resist patterns. The non-cross-linked 
portion is removed using water or a mixed solvent of water and a water-soluble 
organic solvent as a developer. When the material of the second layer 2 has the 
above-described mixture as the main component, the rate of component mixing 
is not limited, and may be appropriately determined from the viewpoints of 
achieving optimum performance of the material of the first resist or the reaction 
conditions. 

[0038] The specific examples of the effectively employed water-soluble resin 
composition to be used for the material of the second layer 2 include polyacrylic 
acid, polyacrylamide, polyvinyl acetals, polyvinylpyrrolidone, polyvinyl 
alcohol, polyethyleneimine, polyethylene oxide, styrene-maleic acid copolymer, 
polyvinylamine resins, polyallylamine, oxazoline-containing water-soluble 
resins, water-soluble melamine resins, water-soluble urea resins, alkyd resins 
and sulf oneamide resins as shown in FIG. 3 . No particular limitation is 
imposed as long as they cause a cross-linking reaction in the presence of an acid 
component. Whether or not used alone or in combination, the aforementioned 
water-soluble resin compositions are in effect. 
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[0039] These water-soluble resins may be used either solely or in combination of 
two or more, depending on the scale of the reaction with the substrate offirst 
resist 1 or reaction conditions. These water-soluble resins may be used in the 
form of a salt such as hydrochloride in order to improve water solubility. 
[0040] Specific examples of the water-soluble crosslinking agent applicable to 
the material of the second layer 2 includes, urea shown on the Figure 4„ 
alkoxymethylene ureas, N-alkoxymethylene ureas, ethylene urea and ethylene 
urea carboxylates, melamine and alkoxymethylene melamines and amino-based 
crosslinking agents such as benzoguanamine and glycoluril. The 
water-soluble crosslinking agent is not limited to amino-based cross-linking 
agents. No particular limitation is imposed on them as long as they are 
water-soluble cross-linking agents causing crosslinking through use of an acid. 
[0041] Specific water-soluble resist material employed as the material of the 
second layer 2 also includes, the mutually mixed the aforementioned pure or 
compounded water-soluble resin into the aforementioned pure or compounded 
water-soluble crosslinking agent. More specific examples of the material for the 
second layer 2 include a mixture of a polyvinyl acetal resin used as the 
water-soluble resin composition and methoxy-methylol-melamine or ethylene 
urea used as the water-soluble crosslinking agent. In this case, the 
conservation stability of compounded solvent stands excellent because of the 
high water solubility of mixed solution. There is no particular limitation 
imposed on the material of the second layer as long as it is water-soluble or 
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soluble in a water-soluble solvent which does not dissolve therein the first resist 
pattern and at the same time, it is a cross-linking reaction in the presence of an 
acid component. 

[0042] As aforementioned, a cross-linking reaction may be induced solely by 
heating without conducting acid generation by re-exposure of the first resist 

i 

pattern la. In this case, it is desired to select a suitable material having high 1 

reactivity as the examples of the material of the second layer 2 and perform j 

appropriate heating (e.g., at a temperature of 85 to 150°C). Specific examples 

of the effective materials for the second layer 2 include a mixture of a polyvinyl 

acetal resin and ethylene urea, a mixture of polyvinyl alcohol and ethylene urea. 

A water-soluble material composition mixed with the aforementioned materials 

at a suitable rate is also effective. 

[0043] The above-described fine pattern forming material may be explained 

hereinafter from different aspect. As a preferred example, the fine pattern 

forming material has, as two main components, a water-soluble resin having an 

ethylene structure in the main chain and an alkoxymethyleneamino-containing 

crosslinking agent that causes a cross-linking reaction in the presence of an acid. i 

It is obtained by adding a prescribed amount of a weak acid to the two main i 

components. It is soluble in pure water or a mixed solvent of pure water and a 

water-soluble organic solvent and when supplied with an acid, forms a 

cross-linked film. 

[0044] Other preferred examples include a fine pattern forming material ; 
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which has, as two main components, a water-soluble polymer having an 
ethylene structure in the main chain and an alkoxymethyleneaminoH:ontaining 
crosslinking agent causing a cross-linking reaction in the presence of an acid. It 
is obtained by adding a compound capable of generating an acid by thermal 
decomposition to the two main components. It is soluble in pure water or a 
mixed solvent of pure water and a water-soluble organic solvent and when 
supplied with an acid, forms a cross-linked film. 

[0045] In the above-described case, examples of the water-soluble polymer 
include polyvinyl acetals, polyvinylpyrrolidone, polyvinyl alcohol, 
polyethyleneimine, polyethylene oxide, polyvinylamine, polyacrylic acid and 
polyacrylamide. They may be used solely or in combination of two or more. 
The examples of crosslinking agent include either single or combined 
alkoxylmethyleneamino-containing agents having a melamine derivative or 
urea derivative 

[0046] A plasticizer such as ethylene glycol, glycerin or Methylene glycol may 
be added to the material of the second layer 2 as an additive. It is also possible 
to add a water-soluble surfactant such as "Florad" (trade name; produced by 
3M) or "Nonipole" (trade name; produced by Sanyo Chemical) to the second 
layer in order to improve its film forming property. 

[0047] Next, a solvent used for the material (fine pattern forming material) of 
the second layer 2 is described. The appropriate solvent that may be used for 
the material of the second layer 2 include water (e.g., pure water) or a mixed 
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solvent of water (e.g., pure water) and a water-soluble organic solvent The 
solvent applied to the material of the second layer 2 needs to meet the 
requirement of: undissolving the first resist patterns la and sufficiently 
dissolves a water-soluble material . Solvents satisfying these requirements can 
be used without particular restriction. Specific examples of the solvent for the 
material of the second layer 2 include water (preferably, pure water), a mixed 
solvent of water and an alcohol solvent such as IPA and a mixed solvent of 
water and a water-soluble organic solvent such as N-methylpyrrolidone. 
[0048] The solvent to be mixed with water is not limited as long as it is water 
soluble. Examples of such solvents include alcohols such as ethanol, methanol 
and isopropyl alcohol, y-butyrolactone and acetone. The solvent may be mixed 
considering the solubility of the material used in the second layer 2 and 
insolubility of the first resist pattern la. 

[0049] The specific example of Embodiment 1 will next be described. 
Example 1: 200 ppm of acetic acid fine pattern was added to the material 
(fine-pattern forming material) of the second layer 2 as described above. The 
process of above-described cross-linked-film forming was conducted by using 
this acid-added material when the sulfuric acid concentration in the air of the 
clean room was determined at 50 ppb. 2000 pieces had defective openings when 
the conventional acid-free material was used, while no defective opening 
occurred when the acid-added material was employed. Thus, this example 
makes it possible to obtain a relaxed material hardly influenced by the acid 
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concentration in the air. In the other words, with the acid-added material, it is 
possible to suppress acid deposition to the material of the second layer 2, 
thereby preventing pattern defects and abnormal opening size. 
[0050] Example 2: Material A was prepared by adding 200 ppm of acetic acid 
to the material of the second layer 2. As a comparative material therewith, 
Material B was prepared by adding 1000 ppm of sulfuric acid to the material of 
the second layer 2. Material A maintained its performance even after 90 days 
of preparation, while Material B became impractical for use due to the fact that 
the liquid itself became turbid and that the cross-linking reaction in Material B 
further progressed. Thus, present invention makes it possible to prepare a 
material hardly influenced by the acid concentration in the air. Adding a 
sufficient amount of a weak acid makes it possible to obtain a more stable resist 
material. In other words, the present invention makes it possible to suppress 
acid deposition onto the material for the second layer 2, thereby preventing 
pattern defects and irregular opening size. Moreover, with the acid pH3 or 
more, drop in stability of the material was successfully prevented even when an 
acid is added to a resist material. 

[0051] Embodiment 2: Embodiment 2 of the present invention will be described 
as follows. This Embodiment 2 relates to a material which constitutes a second 
resist. The process flow of a cross-linked film is similar to that described in 
Embodiment 1. In this Embodiment 2, the main component of the material 
(fine-pattern forming material) for the second layer 2 is similar to that described 
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in Embodiment 1. A compound generating an acid by thermal decomposition is 
added to the material serving as the main component. Accordingly, the 
compound to be added to the second layer 2 is generated by thermal 
decomposition and storage stability at normal temperatures is hence 
maintained. The purpose of adding the appropriate amount of compound is to 
prevent the possibilities of defective pattern forming and abnormal framing 
(abnormalities in thickness of cross-linking film) due to acid contained in the 
surrounding atmosphere, that is the air in the clean room during the process. 
[0052] Preferable examples of compounds generating an acid by heat include 
diazonium salts which have counter anions that generate an acid . Examples of 
the diazonium salts are shown in FIG. 5. Preferable examples of a counter anion 
for such a compound generating an acid by heat include either or both of an 
alkylsulf onic acid-based anion and an aromatic sulfonic acid-based anion . 
[0053] Adding such a compound makes it possible to suppress acid deposition 
onto the material of the second layer 2 itself, thereby preventing pattern defects 
and abnormal opening size. Even if an acid is added, material stability is still 
maintained . Until the heating step, no acid is generated in the process flow in 
which a cross-linked film is formed. Therefore, it attributes to more selections 
and concentration of acid to be added, because there is no need to take into 
account the adverse effect on conservation at normal temperatures. 
[0054] The specific example of Embodiment 2 are as follows; 
Example 1: Material of the second layer 2 (fine-pattern forming material) like 
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the one described Embodiment 1 was prepared. Then, Material A, to which the 
compound generating acid by heat is added according to these embodiments, 
was prepared. As a comparative material, Material B, in which an acid is added 
to the second layer 2, was prepared. Material A maintained its performance 
even 90 days after preparation, while Material B became impractical due to the 
fact that the liquid itself became turbid and that the cross-linking reaction in 
Material B progressed further than it was originally anticipated. Thus, the 
material that is strong in acid concentration in the air was successfully obtained. 
In addition, the material is stable even when the compound generating acid by 
heat was added. 

[0055] A method of forming finely separated resist patterns on a semiconductor 
substrate 3 was so far described in detail. Depending on the manufacturing 
process of a semiconductor device, the fine separated resist patterns according 
to the present invention are formed not only over the semiconductor substrate 3, 
but also over an insulating layer such as silicone oxide film or a conductor layer 
such as polysilicone film. In the present invention, the formation of fine 
separated resist patterns is not restricted by the base film and it is applicable to 
any case as long as a base material is able to form resist patterns thereon. 
Generally, such underlying materials will hereinafter be called "semiconductor 
base." 

[0056] Using the fine separated resist patterns as a mask, in the present 
invention, a semiconductor device is manufactured by etching basic materials 
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of semiconductor such as underlying semiconductor substrate or thin films, and 
forming fine space or fine holes. 

[0057] The present invention includes, the following inventions in addition to 
those defined by claims. The water-soluble resin cited on Claim 1 or 6 covers 
fine pattern a forming material which consists one or more of mixture, or which 
have main component is salt, among polyacryl acid, polyvinyl acetals, 
polyvinylpyrrolidone, polyvinyl alcohol, polyethyleneimine, polyethylene 
oxide, styrene-maleic anhydride copolymer, polyvinylamine, polyallylamine, 
oxazoline-containing water-soluble resins, water-soluble melamine resins, 
water-soluble urea resins, alkyd resins and sulfonamide. 
[0058] A water-soluble crosslinking agent cited on Claim 2 or 7 covers a fine 
pattern forming material which consists of one or more of mixture among 
melamine derivatives, urea derivatives, benzoguanamine and glycoluril. The 
aforementioned melamine derivative covers a fine pattern forming material 
which consists of one or more of melamine and alkoxymethyl melamines or a 
mixture of them. Urea derivative refers to a fine pattern forming material 
which consists of fine pattern urea, alkoxymethylene urea, N-alkoxymethylene 
urea, ethylene urea, and ethylene urea carboxylates, or a mixture of them. 
[0059] Water-soluble resin cited on Claim 3 or 8 covers any one of polyvinyl 
acetal, polyvinyl alcohol and a mixture of polyvinyl alcohol and polyvinyl 
acetal and water-soluble crosslinking agent covers any one of a melamine 
derivative, a urea derivative or a mixture of a melamine derivative and a urea 
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derivative. 

[0060] A semiconductor device manufactured by the process of the invention as 
described in Claims or by inventions comprises the process cited on the 
above-mentioned clauses . 
[0061] 

[Advantages of the Invention] As described above in detail, in the process of 
fining separated and hole patterns of resists, the present invention makes it 
possible to provide materials to form fine separated resist patterns that exceeds 
the wavelength limit, and a forming method of the fine separated patterns by 
using the materials. The present invention additionally provides materials to 
form stable fine separated resist patterns in the process of forming a 
cross-linked film or materials to form stable fine separated resist patterns . 
Accordingly, this attributes to shortening the hole diameter of the resist 
patterns as well as the separated space between any adjacent resist patterns. By 
using such fine separated resist patterns as a mask, fine separated spaces or 
holes can be formed on the semiconductor base. Such a method contributes to 
manufacturing a semiconductor device having fine separated spaces or holes. 
[Brief Description of the Figures] 

[FIG. 1] FIG. 1 illustrates mask patterns to explain the resist pattern forming 
method according to Embodiment 1 of the present invention. 
[FIG. 2] FIG. 2 illustrates the process flow to explain the resist pattern forming 
method according to Embodiment 1 of the present invention. 



32 



[FIG. 3] FIG. 3 describes examples of the water-soluble resin composition to be 
used in the resist pattern forming method of Embodiment 1 of the present 
invention. 

[FIG. 4] FIG. 4 describes examples of the water-soluble crosslinking agent to be 
used in the resist pattern forming method of Embodiment 1 in the present 
invention. 

[FIG. 5] FIG. 5 describes examples of the acid generating compound to be used 
in the resist pattern forming method of Embodiment 2 of the present invention. 
[Legends] 

1: First resist la: First resist pattern 2: Second layer 2a: Second resist 
pattern 3: Semiconductor substrate (semiconductor base) 4: Cross-linked 
layer 
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Fig.l 

(a) 
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[FIG. 3] 
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FIG. 4 
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